Among hospitalized patients, antibacterial adverse effects may account for approximately 25% of adverse drug reactions. 1, 4 While the economic impact has been studied for overall adverse drug events in hospitalized patients in the 1990s, more recent detailed studies for the impact of antibiotic-related adverse drug effects have not been published. As hospitalized patients with the primary diagnosis of pneumonia are invariably treated with antibiotics, and since pneumonia is the third leading cause for hospitalization in the United States, 5 hospitalization databases that document pneumonia hospitalizations as well as adverse effects from antibiotics, using specific International Classification of Diseases, Ninth Revision (ICD-9) clinical modification codes, constitute a unique and rich resource for quantifying and analyzing the incidence and impact of antibiotic-associated adverse drug effects.
The purpose of this study was to describe the incidence and clinical manifestations of adverse drug effects in pneumonia hospitalizations in recent years, and to determine the types of patients and comorbidities, which are most commonly associated with adverse drug effects. The term ''adverse drug effect'' refers more to known side effects of medications, whereas adverse drug events and adverse drug reactions refer to an injury or a noxious, unintended, and undesired effect resulting from administration of a drug. 6 As this study utilized medical coding for data abstraction, the broader classifications of adverse drug events or reactions could not be examined and instead the outcome of ''adverse drug effect'' was utilized.
METHODS

Data Sources
The Statewide Planning and Research Cooperative System (SPARCS) database was accessed as previously described. 7, 8 There is mandatory reporting to this database for all New York State acute care hospitalizations. Each deidentified SPARCS admission record contains more than 100 data fields 9 that consist of demographic, clinical, and financial information. These fields include principal and nonprincipal diagnostic fields, procedure codes, race, age, gender, and ethnicity information, hospital characteristics, expected reimbursement, total charges, length of stay (LOS), admission status, and disposition status. Both ICD-9 and Common Procedural Terminology (CPT) codes are input for each admission.
The Nationwide Inpatient Sample (NIS) of the Healthcare Cost and Utilization Project (HCUP), contains annual hospital discharge data from a sample of US hospitals. 10 Each NIS patient record includes data fields consisting of demographic, clinical, and financial information. These fields include primary and secondary diagnostic fields, procedure codes, age, gender, race, total charges, length of stay, payer codes, hospital characteristics, and disposition status. Twenty percent random subsamples from each year's sample were employed to perform the analyses. HCUP databases include appropriately-scaled discharge weights to generate national estimates of hospitalizations and total charges from the NIS. These weights allow comparison of incidence rates and charges across years despite a varying number of states and hospitals included in the database each year.
This study was given an exemption from institutional research board approval by the SVCMC Integrated Scientific and Ethical Review Board.
Identification of Pneumonia Admissions
To achieve more uniformity in the cohorts, it was decided to select only hospitalizations with the most common ICD-9 and diagnosis-related group (DRG) codes for pneumonia for more recent years. ICD-9 and DRG codes have been used to identify pneumonia patients in administrative data, and cases selected in this manner show excellent specificity when compared to a reference standard.
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Hospitalization discharges from both databases from 2000 through 2005 were selected with the criterion of having the principal diagnosis of ICD-9 code 486 (pneumonia, organism unspecified) and the DRG of 89 (simple pneumonia and pleurisy, age >17 years, with complication and comorbidity), thus targeting community acquired pneumonia. These hospitalizations formed the 2 cohorts of pneumonia hospitalizations. Preliminary analyses showed that hospitalizations identified by these criteria identified more than 60% of pneumonia admissions defined by a more expansive criteria 11 of having any of the DRG codes 79 (respiratory infections and inflammations, age >17 years, with complications and comorbidity), 80 (respiratory infections and inflammations, age >17 years, without complications and comorbidity), 89 and 90 (simple pneumonia and pleurisy, age >17 years, without complication and comorbidity). Gram-negative pneumonia, aspiration pneumonia, and pneumonias due to other specific infectious agents were not targeted in this study.
Data Classifications
The state and national cohorts were queried for the presence of adverse effects due to various antibiotics and anti-infectives, using specific ICD-9 external cause of injury codes (e-codes) including e930 and e931. E-codes were developed as a supplemental code for use with the ICD and they provide a systematic way to classify diagnostic information that health care providers have entered into the medical record. E-codes have been shown to be useful and sensitive in detecting medical injuries due to drugs (including antibiotics) in hospital discharge data. 12 On the basis of frequency of observed adverse drug effects (as detected by e-codes), an adverse drug effect due to an anti-infective or antibiotic was defined as that which was due to penicillins (E930.0), erythromycin and other macrolides (E930.3), tetracyclines (E930.5), cephalosporins (E930.5), sulfonamides (E931.0), quinolones (E931.3), other specified antibiotics (E930.9), other unspecified antibiotics (E931.9), or antimycobacterials (E931.8 and E930.6). Adverse drug effects due to other anti-infectives were not included due to extremely low incidence and unlikely clinical usage in pneumonia. National estimates of the number of patients experiencing an adverse drug effect were determined using discharge weights to adjust for subset sample size.
The ICD-9 codes for possible skin and allergy manifestations commonly associated with adverse drug effects were examined in patients with and without adverse drug effects as defined previously. The ICD-9 codes for skin/allergy manifestations that were considered as possibly due to adverse drug effects included erythema, not otherwise specified (695.9), flushing (782.62), Stevens-Johnson syndrome (695.1), allergic purpura (287.0), dermatitis due to drugs and medications taken internally (693.0), angioedema (995.1), unspecified allergy, (995.3), anaphylaxis not otherwise specified (NOS) (999.5), and urticaria (708). Gastrointestinal (GI) manifestations considered as possibly due to an adverse drug effect included nausea (787.02), vomiting (787.03), nausea with vomiting (787.01), diarrhea, not otherwise specified (787.91), diarrhea, other and unspecified noninfectious gastroenteritis and colitis (558.9), or intestinal infection due to Clostridium difficile (008.45).
Statistical Analysis
Analyses were performed using JMP version 5.1 and SAS for Windows version 9 (SAS Institute, Cary, NC). In linear regression models, principal outcomes of length of stay and total hospital charges were logarithmically transformed, as this data transformation reduces the influence of outliers. 13 Cases with a length of stay less than 1 day were considered to have a 23-hour LOS, to enable logarithmic transformation. Linear regression models were created to assess the impact of adverse drug effects due to antibiotics on length of stay and total charge. Linear regression models have been shown to be useful in identifying factors associated with increased hospital charges. 13 Adjusting factors that were considered in multivariate models included comorbid conditions and demographic factors. Only common comorbidities that were present in greater than 5% of cases were considered and included cancer (140 through 208), congestive heart failure (428), ischemic heart disease (410-414), chronic obstructive pulmonary disease (491, 492, 496), diabetes mellitus (250), hypertension (401), asthma (493), urinary tract infection (599.0), unspecified anemia (285.9), pleural effusion (511.9), cardiac dysrhythmia (427.31), volume depletion (276.5), unspecified acquired hypothyroidism (244.9), and hypoosmolality/hyponatremia (276.1). Demographic factors such as gender, race, age, year and month of admission, and day of admission were also considered in the model. The hospital where the admission occurred was used for New York State calculations. For the national data, the region and hospital characteristics but not the hospital identification number itself were considered since not all of the same hospitals were sampled each year. Finally, the governmental health insurance status (Medicare or Medicaid for both sets of data) was considered. Medicaid and Medicaid Health Maintenance Organization (HMO) as expected reimbursement categories were considered as a single group as were Medicare and Medicare HMO in the New York State database. All of these covariants were subject to forward stepwise selection for modeling adjustment purposes. The probability required for a covariant to enter the model was 0.250 and the probability at which a covariant was removed from the model was 0.100. These adjustment factors were held constant in adjusted models examining for the independent predictor effects of adverse drug reactions. To examine whether or not the presence of GI and/or skin manifestations commonly associated with adverse drug effects accounted for differences in LOS/charges, we examined whether or not adding the manifestations as a covariant would attenuate the predictor effect of the adverse drug effect.
In order to make a practical assessment of the impact of adverse drug effects on LOS and hospital charges, we chose as an example patient a 70-year-old white female with a diagnosis of diabetes and hypertension, with Medicare.
Logistic regression models were used to explore comorbid conditions and demographic features that were associated with adverse drug effects within the cohort. Forward stepwise regression was used using previously described entry/ exit criteria. Odds ratios for individual predictor variables were adjusted for other significant predictor variables.
All regression models were adjusted for sampling weights in national data analyses. The time trends (year effect) for the incidences of adverse drug effects were analyzed with the GENMOD procedure in SAS, with the negative binomial distribution option. 14, 15 
RESULTS
In the New York (SPARCS) database (NYS), 278,425 pneumonia admissions were identified. In HCUP-NIS data subsets (NIS), 186,193 pneumonia admissions formed the cohort. In both cohorts, there was a predominance of females and older patients (Table 1) . Diabetes and hypertension were common comorbidities. In the NYS cohort, 1,329 (0.48%) had an adverse effect related to an antibiotic or anti-infective. In the NIS cohort, an estimated 0.53% had an adverse drug effect. There was a small but significant increase in the percentage of national hospitalizations associated with an antibiotic adverse drug effect over time (time effect significance; P 5 0.0149; Table 1 ). However, this trend was not seen in the NYS cohort.
The most numerous adverse effects were noted in ''other specified antibiotics,'' followed by ''other unspecified antibiotics,'' then cephalosporins in both databases (Table 2) . Cephalosporins accounted for 15% and 14% of cases with adverse drug effect due to antibiotics or anti-infectives in the NYS and NIS cohorts, respectively. Adverse drug effects due to the penicillins and quinolones were similar in frequency and were the next most common identifiable classes of antibiotics with adverse drug effects after cephalosporins. Adverse effects to other specified antibiotics and unspecified antibiotics combined constituted 59% of adverse drug effects in both NYS and NIS cohorts.
Hospitalizations associated with an adverse drug effect had higher proportions of women than hospitalizations without an adverse drug effect in both the NIS (65% versus 54%) and NYS (62% versus 54%) databases. Hospitalizations associated with an adverse drug effect had a mean age that was about 1 year younger than that observed in hospitalizations without an adverse drug effect in both databases. Congestive heart failure was present in a lower proportion of hospitalizations associated with an adverse drug effect compared to hospitalizations without adverse drug effects (NYS 27% versus 30%, NIS 25% versus 29%). In the NIS database, adverse drug effect associated hospitalizations had a lower proportion of chronic obstructive pulmonary disease than other hospitalizations (32% versus 40%). Neither database showed any adverse drug effect associated disproportion with regard to hypertension and diabetes mellitus. In logistic regression modeling, significant predictors for an adverse drug effect included non-African American race, older age, female gender, not having Medicaid, and residence outside the greater NY area (only in the NYS data). NonAfrican-Americans were more likely than AfricanAmericans to have adverse drug effect admissions (adjusted odds ratio for NYS 2.2, 95% CI, 1.7-2.8; and for NIS 2.1, 95% CI, 1.6-3.0). Females were more likely than males to be associated with adverse drug effect admissions (adjusted odds ratio for NYS 1.5, 95% CI, 1.3-1.6; and for NIS 1.6, 95% CI, 1.4-1.8). In addition, residence outside the greater NY area was associated with adverse drug effect associated admissions (adjusted odds ratio 2.1, 95% CI, 1.8-2.3) in NYS data.
Skin and allergy manifestations potentially associated with adverse drug effects were reported in 34% and 43% of the NIS and NYS cohorts, respectively. In comparison, less than 1% of nonadverse drug effect admissions had these manifestations (Table 3) in either cohort. In NYS, adverse drug effects due to sulfonamides had a slightly higher proportion skin/allergy manifestations when compared with other antibiotic classes ( Table 2 ). In contrast, NIS estimates show that adverse effects due to cephalosporins had the highest proportion of skin/allergy manifestations ( Table 2 ). Compared to adverse drug effects due to other specified antibiotics, erythromycin/macrolides were more likely to present with GI manifestations in both databases (Table 2) . Dermatitis due to drugs taken internally was coded for in 34% (NYS) and 26% (NIS) of patients that experienced an adverse drug effect, making this condition the most common skin/allergy manifestation associated with an adverse drug effect (Table 3). This was followed in frequency by urticaria and pruritus. Diarrhea was also a common symptom related to adverse drug effects (Table 3) . While 72% of adverse drug effects had either GI or skin/allergy manifestations in the NYS cohort, only 65% of the NIS cohort had these manifestations reported. No increase in mortality was observed in patients with adverse drug effects compared to those without adverse drug effects (data not shown).
Both databases showed that adverse drug effects affected both LOS and total charges (Table  4 ). In the NIS database, adjusted models showed that GI manifestations impacted hospital charges more than skin/allergy manifestations (Table 4) . In both the NYS and NIS cohorts, the effect of adverse drug effects on hospital charges was attenuated after accounting for skin/allergy and GI manifestations. However, even after accounting for both manifestations, there still was a significant adverse drug effect influence on LOS. In the example patient, predicted excess hospitalization NOTE: NYS LOS and charge models had adjusting comorbid demographic factors, which included race, age, gender, hospital, year, month, Medicare, Medicaid, congestive heart failure, diabetes mellitus, hypertension, cancer, ischemic heart disease, volume depletion cardiac arrhythmia, urinary tract infection, pleural effusion, unspecified anemia, hypothyroidism, and hyponatremia. National LOS and charge models had adjusting comorbid demographic factors, which included race, age, gender, hospital size, census region, teaching hospital status, hospital ownership class, rural location, year, month, day, Medicare, Medicaid, congestive heart failure, diabetes mellitus, hypertension, cancer, ischemic heart disease, volume depletion cardiac arrhythmia, urinary tract infection, pleural effusion, unspecified anemia, hypothyroidism (not in LOS model), asthma, and hyponatremia. Abbreviation: ADE, adverse drug effect. * NYS example admission: 70-year-old white female with diabetes mellitus, hypertension, and Medicare admitted in December 2004 at St. Vincent's Hospital, Staten Island. NIS example admission: 70-year-old white female with diabetes mellitus, hypertension, and Medicare admitted in June 2004 in the Western region at a large teaching nonrural hospital on a non-weekend day. y P value for analysis of variance (ANOVA) F-test testing for the null hypothesis that the ADE factor's coefficient 5 0, main effects general linear model. { GI manifestations include nausea, vomiting, or diarrhea (unspecified or due to C. difficile). § Skin/allergy manifestations include pruritus, anaphylaxis, angioedema, erythema, allergy NOS, urticaria, Stevens-Johnson syndrome, and dermatitis due to medication taken internally.
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charges associated with the presence of an adverse drug effect was $1,243 and $3,373 for the NIS and NYS cohorts, while LOS increases associated with an adverse drug effect were about 1 day in both cohorts. Linear regression models, which included adjustment factors including comorbidities and demographic/financial factors, showed that the models accounted for 13% of the variance (R 2 values) in LOS and 40% in charges for the NYS but only 7% for LOS and 15% for charges for the NIS.
DISCUSSION
This study documents antibiotic related adverse drug effects as a predictable, but infrequent complication that occurs in adult patients hospitalized for pneumonia. While the incidence of antibioticrelated adverse drug events has been calculated in both hospital 2 and nursing home 16 populations, these studies have not specified admissions that were associated with antibiotic use. Thus calculations of antibiotic adverse drug events for actual at-risk patients (ie, those receiving antibiotics) are imprecise in these reports. In the present study, it is highly probable that nearly all admissions were associated with actual antibiotic administration. Thus, a rough incidence of an identifiable antibiotic adverse drug effect for adult pneumonia admissions can be expected to be roughly 0.5%. Of interest is the observation that the national incidence of this complication appears to be increasing slightly but steadily in recent years. This could be explained on the basis of increased coding slots or DRG creep 17 in more recent years with the national cohort. Layde et al.
12 utilized ecodes to identify medical injury due to medications in Wisconsin hospital discharge data (excluding newborn delivery discharges), unselected for infectious diseases. They calculated an overall 0.5% incidence of antibiotic-associated adverse effects. Since not all hospitalizations are associated with antibiotic administration, this would imply that the incidence of antibiotic associated adverse effects in hospitalized patients actually given antibiotics would be higher than 0.5%. The relatively low incidence of antibioticassociated adverse effects observed in the present study may relate to briefer and less complex hospitalizations for these patients compared with other patients treated with antibiotics. The use of ICD-9 codes (including e-codes) as flags of adverse drug events may also underestimate actual rates. In a study of Utah hospitalization discharges in 2001, Hougland et al. 18 found that these flags had a sensitivity of 55% for confirmed adverse drug events of various categories. This contrasts with the 98.5% sensitivity of e-codes to identify medical injury due to drugs, described in the Wisconsin hospital discharge data. The distinction between adverse drug effects, adverse drug reactions, and adverse drug events may be important in understanding these data. Adverse drug reactions have been defined as ''any noxious, unintended, and undesired effect of a drug, which occurs at doses used in humans for prophylaxis, diagnosis, or therapy'' and can be considered a subset of adverse drug events, which, unlike adverse drug reactions, may also be due to drug administration errors. 6 The term ''adverse drug effect'' has been used more in pharmacology literature 4 and in medical coding, 18 and may refer more to known side effects of medications, whereas adverse drug events have been broadly defined as ''an injury resulting from administration of a drug. '' 6 As this study utilized medical coding for data abstraction, we used the term ''adverse drug effect'' for all results.
Determining factors that influence hospital charges and length of stay are complex. Regional differences 19 may be 1 factor, as suggested by difference in charges for the example admission models ( Table 4 ). The multivariate analyses showed that nearly 40% of the variation in total New York State hospitalization charges could be explained on the basis of demographic, comorbidity factors, and between hospital variation, with an additional independent effect identifiable in the presence of an adverse drug effect to an antibiotic. The explained variance in the New York State hospitalization charges exceeds that observed in other published clinical predictor models of hospital charges based on statewide or province-wide discharge databases. 12, 20, 21 Although less variability was explained in national models, independent adverse drug effects influence on both total charge and length of stay were also observed. Higher charges with adverse drug effect associated admissions could be explained in part by increased illness severity, leading to more hospital days, and thus higher charges in per diem reimbursement schemes. In DRG-based reimbursements, adverse drug effect presence in an admission, with its attendant increased length of stay, could be considered an outlier case, in which case an increased inpatient prospective payment system (IPPS) payment would be authorized in addition to the base payment. 22 Adverse Effects to Antibiotics in Pheumonia / Lin et al. E13
Because the impact of adverse drug effects on length of stay was still present even after controlling for both skin/allergy and GI manifestations, this may suggest that other factors relating to the adverse drug effects may have influenced LOS. These factors might include physician reluctance to discharge these patients or the influence of other organ systems not accounted for or reported in this study. The attenuation of the adverse drug effect's influence on hospital charge models by including possible clinical manifestations of adverse drug effects suggests that these manifestations were the main contributors to higher charges associated with adverse drug effect admissions. These disparate findings regarding adverse drug effects on LOS versus charges are consistent with the notion that hospital LOS and hospital charge are separate constructs, which may be associated with separate factors affecting these outcomes. 23 The 13% variation in LOS explained in the New York state hospitalization regression models was similar to the 14% variation in LOS observed in clinical predictor models for congestive heart failure hospitalizations in New York state. 24 Layde et al. 12 found a 14.5% and 18.5% adjusted increase in charges and LOS associated with any medical injury in Wisconsin hospital discharges. The excess length of stay due to antibiotic related medical injury was 1.27 days. This magnitude of effect is comparable to that observed in the present study.
There are a number of limitations in this study related to coding practices and the retrospective nature of the investigation. Currently, there are no ICD-9 e-codes for adverse effects due to commonly used older antibiotics such as vancomycin, clindamycin, and metronidazole, or to the newer antibiotic classes. Since currently recommended treatments for community-acquired pneumonia 25 are among the specified drugs with adverse effect coding, and since other specified and unspecified anti-infective drug-associated (no drug names or categories provided) adverse effects were frequent, it suggests that infectious processes other than community-acquired pneumonia were also being treated in many hospitalizations. Another limitation is that because the temporal sequence of events cannot be ascertained with this data, it is possible that an adverse drug effect was due to an antibiotic given prior to hospitalization. It has been suggested that ''onset of diagnosis'' or ''present on admission'' information be part of a new administrative data coding strategy which has been used in some states in the US. 19 The adoption of ICD-10 codes may allow for more specificity and detailing of adverse drug reactions using administrative data, as described for the United Kingdom by Waller et al. 26 The actual incidence of hospitalization-associated adverse drug effects could be underestimated if a significant number of adverse effects occurred after discharge as only in-hospital events were recorded.
In summary, we found that although the incidence of adverse drug effects is small, there is a definite quantifiable impact of these adverse effects on LOS and hospital charges in patients hospitalized with pneumonia. To our knowledge, there have not been similar large-scale database studies to evaluate the incidence and impact of adverse drug effects related to antibiotics in both national and statewide samples. These findings also have implications in studies of outcomes related to pneumonia hospitalizations.
